An alkanethiol spacer which is suitable for biointerface was synthesized on 2-chlorotritylchloride (CTC) resin using solidphase synthesis method. The triethylene glycol (TEG) unit containing building block was immobilized on CTC resin followed by a coupling alkanethiol building block. After dithiothreitol (DTT) treatment and cleavage of the resulting alkanethiol spacer from the resin, the spacer was obtained in a pure form without any purification steps. The TEG-alkanethiol spacer was applied for the DNA hybridization assay on a gold surface, and proved to work well when compared to the commercial spacer.
Self-assembled monolayers (SAMs) are a renowned tool for both modifying and functionalizing metal or nanomaterial surfaces. Because SAM formation provides a wellappointed planar interface, it has opened the doors to fundamental studies of interfacial chemistry about the behavior of biomaterial or catalyst on solid surfaces. 1 Thus, the functionalized SAM formation of alkanethiol on gold surface has been employed for biosensing interface using DNA, 2 protein 3 and cells 4 and for catalytic reaction. 5 As these interfaces of solid surfaces are becoming increasingly important in bioanalysis, SAM molecules are required to be applicable for biocompatible surfaces. Since Whiteside et al. first introduced SAMs of oligo(ethylene glycol) (OEG)-terminated alkanethiols on gold surface, 6, 7 a wide variety of OEG alkanethiol spacers have been synthesized.
2b, [8] [9] [10] [11] [12] Due to the presence of ethylene glycol units, OEG-terminated SAMs possess high protein resistance and the ability to reduce the nonspecific adsorption of biomolecules, even in the case of tri(ethylene glycol) (TEG)-terminated alkanethiol. 6, [13] [14] [15] However, it is not easy to synthesize these OEG alkanethiol derivatives. Synthesis of OEG spacers by conventional organic synthesis requires a minimum of four to five reaction steps, complicated purifications in every step and complex reaction conditions. 2b, [8] [9] [10] Moreover, additional reaction process and purification steps are required to elongate peptides or small bioactive materials from the terminal alkanethiol. Although various attempts have been made to reduce the reaction steps or to propose efficient methodology for the synthesis of alkanethiols, 8, 11, 12 some limitations still exist including both complicated purification steps and low yields.
Here, we report a novel synthetic route for a TEG-alkanethiol spacer by solid-phase organic synthesis (SPOS) method utilizing building blocks. Our method provides a simple synthetic process, easy purification, as well as both high yield and purity. Using the SAMs achieved on the gold surface with the TEG-alkanethiol spacers, a DNA hybridization assay was performed to evaluate the performance of TEG-alkanethiol spacer in terms of nonspecific adsorption and the results were compared with those of 11-mercaptoundecanoic acid (MUA) and the commercial OEG spacers. The synthetic route for TEG-alkanethiol spacers is described in Scheme 1. Before synthesis of alkanethiol spacer via SPOS, Fmoc-TEG-COOH (1), a building block which contains triethylene glycol, was easily synthesized without the need for column chromatography purification. 16 Another building block, 11,11′-dithiodiundecanoic acid (3), was prepared as a thiol-protected alkyl spacer. A disulfide protection method for thiol groups was chosen to obtain free thiol under mild conditions. Then, the C-terminal of compound 1 was introduced on 2-chlorotrityl chloride (CTC) resin with DIPEA, followed by Fmoc deprotection. The existence of TEG spacer on the CTC resin was identified by FT-IR [carbonyl band: 1737 cm dition, by applying a very mild cleavage condition (1% TFA-CH 2 Cl 2 ), the final compound was recovered from CTC resin without oxidation or other side reactions. From the result of TEG-alkanethiol spacer synthesis, our synthetic strategy, based on solid-phase organic synthesis, proved to be a simple and efficient method compared to others. Furthermore, we can easily modify the terminal functional group of the spacer by conjugating peptides or small molecules for bioassay. Next, the TEG-alkanethiol spacer was applied for SAM formation on a gold surface. The SAM on gold surface was achieved by immersing a gold-coated silicon chip in an ethanolic solution of TEG-alkanethiol spacer. As a control experiment, another SAM on gold surface was prepared by using MUA. The SAM surfaces were characterized by X-ray photoelectron spectroscopy (XPS) and water contact angle (CA) measurement (Figure 1) . Elemental analysis on the gold surface by XPS confirmed the existence of MUA (S contents) and TEG-alkanethiol (S and N contents). The change of hydrophilic state on SAM surfaces was measured by water contact angle. The SAM of MUA (CA: 39.4°) and TEG-alkanethiol spacer (CA: 36.7°) were more hydrophilic than a bare gold surface (CA: 63.5°) due to the negative charge on the terminal carboxyl group. Furthermore, we found that the decrease of the contact angle of the SAMs of TEG-alkanethiol spacer was attributable to ethylene glycol units through comparison with the water contact angle of the MUA surface. These results prove that TEG-alkanethiol spacer forms the hydrophilic SAM surface due to the carboxyl group and ethylene glycol moiety of the spacer. In order for the TEG-alkanethiol spacer to have proper properties for biosensor application, whether or not it exhibits the stable sensing signal and low nonspecific adsorption of the biomolecule is important. TEG-alkanethiol spacer was assessed with a DNA hybridization assay and the results were compared to those of MUA and HS-C 11 - This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
EG 3 -COOH commonly used in biointerface under identical condition. The assay procedures are summarized in Scheme 2. The SAM on gold spot array for DNA detection was prepared by incubating it in ethanolic solution of TEG-alkanethiol spacer. After EDC/NHS activation on the terminal carboxyl group, the probe DNA (5′-NH 2 -TCCTAATAACAAT-3′) was immobilized on the gold spot surface. Then, fluorescence-labeled target DNA (5′-Cy3-ATTGTTATTAGGA-3′) of different concentrations (1 mM, 10 mM) which were fully complementary to the probe DNA was hybridized on the surface. As a negative control, the noncomplementary DNA (5′-Cy3-GTACCTATTGCCT-3′, 10 mM) was treated on the surface in the same manner. The specific hybridization of target DNA could be quantitatively analyzed by fluorescence intensity per unit area due to the terminal Cy3 dyes on the target DNAs. After sufficient washing steps, the fluorescence intensities from three kinds of SAMs on gold spots were measured by a fluorescence scanner. As shown in Figure 2 , the fluorescence intensities on SAMs of TEG-alkanethiol spacer and HS-C 11 -EG 3 -COOH were well correlated with the concentrations of target DNA. In contrast, the fluorescence intensity on SAM of MUA displayed inconsistent patterns as the concentration of target DNA increased with wide error ranges. In control experiment, the amount of nonspecific target DNA adsorption on SAM of MUA was much higher than others. These results show that OEGs of TEG-alkanethiol spacer and HS-C 11 -EG 3 -COOH contribute to stabilizing the fluorescence signals by specific DNA binding and reducing nonspecific adsorption on SAM surface. The performance of SAMs of TEG-alkanethiol spacer was almost similar to that of commercially available HS-C 11 -EG 3 -COOH spacer. As a result, the TEG-alkanethiol spacer that we facilely and efficiently synthesized is a reliable material to form SAMs for biointerface. In conclusion, TEG-alkanethiol spacer for biointerface was synthesized by a mild and simple synthetic method based on SPOS. Using building blocks prepared by simple procedures, and without complicated purification steps, we efficiently obtained a TEG-alkanethiol spacer from CTC resin. The results of DNA assay on SAM of TEG-alkanethiol demonstrate that the TEG-alkanethiol spacer provided a biocompatible interface with reducing nonspecific binding. We proved that the solid-phase synthetic method is a valuable tool for the synthesis of alkanethiol spacers for biointerface.
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